It has been fount that the sedimentation process is a rate-governed process, which is a combination of a constant rate and falling rate. The various solid materials like Silicate, Calcium Carbonate, and Barium Carbonate were taken and ground in prototype ball mill and sieved to different size fractions and different consistence sedimentation tests were conducted. In this study, an attempt has been made to draw some correlations between sedimentation rate constants (overall sedimentation rate constant (K o ), sedimentation rate constant for constant rate period (K c ) and falling rate constant (K f )). Variation of K o on various particle sizes and slurry consistency has also been reported in this work.
Introduction
The separation of dilute slurry by gravity setting into a clear fluid and slurry of higher solids concentration is called sedimentation. Sedimentation is applied in many chemical engineering operations and processes such as filtration, fluidization, two-phase flow and environmental engineering (McCabe et al., 1993) . The rate data of sedimentation process is very important for designing equipment used in chemical and metallurgical practices for separating suspended solid particles from liquid or gas stream (Mondal and Majumdar, 2004) . Industrial sedimentation operations may be carried out batch-wise or continuously using thickeners. The hydrodynamic analysis of the sedimentation process facilitates the design of thickener (Coulson et al, 1962) . Viscosity of the medium is the main physical property, which affects the sedimentation. Density of particles is again an important factor that affects the settling velocity of the particles. When the density of the particles is more, then the settling rate is also more. Batch sedimentation is employed for bio-processing or the process fluids in recycle. Batch sedimentation is mainly used in pharmaceutical industries. Continuous sedimentation is the process in which the solids are settled continuously. This type of sedimentation is found in chemical industries, which reuse the process water or fluid. They are carried out in large diameters and shallow depth diameters, with slowly revolving rakes for removing the sludge. In the binary system, two different sizes of particles are taken and are used for the study of sedimentation process. The mechanism of binary system of sedimentation can be well understood (Brown, 1962) . In general, a binary mixture consisting of particles of equal densities will give rise to four zones during the course of sedimentation.
From the literature (Brown, 1962) , it is observed that the sedimentation rate is proportional to the difference between the interfacial height at any time (H) and that attained at equilibrium (H E ) [when no further change in the height of sedimented layer occurs]: (-dH)/dt α (H-H E ). In general, the entire sedimentation period is found to be a combination of a constant rate period, which is followed by a falling rate period. The sedimentation rate falls till it vanishes at equilibrium height (H E ). Depending upon the type of period, the proportionality constant is known as constant rate (K c ) or falling rate period constant(K f ) respectively, which are operative between the intervals, H c ≤ H <H o for 0 < t ≤ t c and H E ≤ H <H c for t c <t≤t E . If this condition is applied on overall basis between the initial interfacial height (H o ) and the equilibrium height H E , the rate constant is called overall sedimentation rate constant (K o ). In this study, an attempt has been made to draw the correlations between these sedimentation rate constants K c , K f and K o . Variation of overall sedimentation rate constant (K o ) on various particle size and slurry consistency has also been described in this work.
Materials and Methods
The solids of various materials like Calcium Carbonate (CaCO 3 ) , Barium Carbonate (BaCO 3 ) and Silicate were taken and ground in proto type ball mill and sieved to four different size fractions of 52/60,60/72, 72/100 and 100/200 mesh BSS corresponding to particle size of 0.246mm, 0.212mm, 0.147mm and 0.072mm respectively. To make them dust free, the individual size fractions were washed in a gentle stream of water. The required quantities of the solids were put inside a 500 ml-measuring cylinder to make the slurry of a particular consistency. A strip of graph paper was attached to a measuring cylinder to ensure more precise reading. The slurry was stirred and allowed to settle. The height of interface was read from bottom and kept on being continuously recorded with time t, measured by a stopwatch to denote the rate of sedimentation at any time instant. The true density was measured by specific gravity bottle (Perry & Green, 1997).
Results and Discussion
In the experimental data, for each of the runs, the initial height of the slurry (H o ) (at t=0), was obtained directly and the equilibrium height (H E ) was determined graphically from the rectangular plot of H against t. It is clear from these plots that the curves tend to be more and more flat with the increase of the solids concentration, which results in a progressive decrease in the value of sedimentation rate. The critical height (H c ) was obtained from a differential plot of the variation of -∆H/∆t against time t, as the break point between the constant and falling rates.
Though it has been mentioned that the rate of sedimentation is proportional to (H-H E ) and raised to the power 1.0 (Brown, 1962 , Perry & Green, 1997 , it has been found in the present study that this assumption fails to give good result which is obtained by putting the exponent of (H-H E ) as 0.1 instead of 1.0. The modified exponential term gives a good result in the standard deviation between the calculated and experimental values of H. So, the proportionality is modified as,
The proportionality constant is known as Sedimentation rate constant K. This equation (1) 
Where, t c is the critical time (the value of time t corresponding to the break point between constant and falling rates) and the corresponding height is the critical height (Hc).
For falling rate period, 
The values of K f and K o can be easily calculated from the rectangular plots of the left hand side of equation (5) and equation (7) against t or t-t c , respectively as the corresponding slopes. The unbiased values have been determined by using least square technique. The values of K c can be calculated directly by using the equation (3) for each of the experiments performed. The calculated values of K o , K c and K f are tabulated in the Table 1 and Table 2 .
In the process of finding the type of relationship between the rate constants K c , K f and K o , it has been found that the variation of overall sedimentation rate constant (Ko) with the summation of the constant and falling rates (K c +K f ) as shown in Table 3 and Table 4 and also plotted on a rectangular graph paper which forms a straight line. This relation can be expressed by (in general)
The values of m and C 1 have been calculated by using least square technique for all the runs and which is given in Table5.
The overall sedimentation rate constant is also found to be dependent on slurry concentration for a constant particle size. Such dependence can be expressed with a fair degree of accuracy by the relation,
The plot plotted between ln (K o ) versus ln (C) satisfies the relation expressed in equation (9). From the results (Table 6) it is observed that the value of B 1 has decreased with increase in particle size in slurry and the value of A 1 has also decreased with increase of particle size of the slurry of the same consistency.
Conclusion
The batch sedimentation tests were conducted for the various materials like Silicate, Calcium Carbonate, and Barium Carbonate with various particle sizes and concentrations. Correlation has been made to relate the sedimentation rate constants like K c , K f , and K o .Variation of K o on various particle sizes and slurry consistency has also been reported in this work. In addition, over all sedimentation rate constant and slurry concentration were related by the equation Ko= A 1 (C) 
